The magnetocrystalline anisotropy exhibited in PrPd 2 Ge 2 single crystal has been investigated by measuring the magnetization, magnetic susceptibility, electrical resistivity and heat capacity. 
PrPd 2 Ge 2 is a member of the well known large family of compounds crystallizing in the tetragonal ThCr 2 Si 2 -type structure (space group I4/mmm, # 139). A previous report on polycrystalline sample provided evidence for an antiferromagnetic transition at 5 K 5 .
Further, neutron diffraction indicated a magnetic cell three times larger than the chemical cell and the Pr moments aligned along the c-axis with a spontaneous magnetization of ∼2.0 µ B at 2 K 5 . Three possible configurations of the moments in the antiferromagnetic state, compatible with the tripling of the magnetic cell, were presented. However, the authors of that work felt that neutron diffraction on a single crystal was necessary to determine unambiguously the magnetic configuration. In the present work, we explore the magnetic properties of a single crystal of PrPd 2 Ge 2 , using the techniques of magnetization, electrical resistivity and heat capacity. Our data on single crystalline sample suggest that the easy direction of magnetization may not lie exactly along the c-axis. The crystal electric field (CEF) analysis reveals an interesting possibility of metamagnetism at high fields (≃ 35 T) along the [001] direction due to the crossover among the split energy levels with magnetic field.
II. CRYSTAL GROWTH
We used the Czochralski method to grow a single crystal of PrPd 2 Ge 2 , in a tetra-arc furnace, as the compound melts congruently. First, a homogeneous polycrystalline ingot, weighing ∼10 gm was prepared by repeated arc melting of the high pure metals in the stoichiometric ratio 1 : 2 : 2, which was subsequently used as starting material for the crystal growth. To start with, a tungsten rod was used as seed to pull the single crystal out of molten charge. The pulling speed was maintained at 10 mm/hour, after the initial necking and stabilization. In order to estimate the magnetic part of the heat capacity and to estimate the magnetic entropy, a polycrystalline sample of the non-magnetic LaPd 2 Ge 2 was also prepared in a home built mono arc furnace.
To confirm the phase purity of grown crystal, a small portion of the specimen was subjected to powder x-ray diffraction (XRD Fig. 2(b) ). Whether the superzone gap persists to higher fields can be ascertained only by data taken at temperatures lower than 2 K. This interesting observation shows that in PrPd 2 Ge 2 , the superzone gap doesn't depend only on direction, but it is also a function of magnetic field. On the other hand, for J [001] and H [100], the zero field superzone gap persists at least up to 10 T (Fig. 2(c) ). However, the overall magnitude of resistivity, the upturn at T N and T N decrease. It is to be mentioned here that the jump in the electrical resistivity at the superzone gap in zero field is very small, roughly estimated to be 0.12 µΩ·cm indicates Fermi surface gap is very small in this case. In order to estimate the magnitude of Fermi surface gapping, we followed the technique used by Mun et al. gap are shown in Table I . It is obvious from the table that the Fermi surface gapping is only 3% and it is almost constant for fields up to 4 T. In order to get more insight into the behaviour of the Fermi surface gapping, experiments down to low temperature are necessary.
V. HEAT CAPACITY
The heat capacity of PrPd 2 Ge 2 and non magnetic reference compound LaPd 2 Ge 2 measured between 1.9 K and 20 K, is shown in Fig. 3 . The antiferromagnetic transition at 5.1 K is marked by a sharp peak. The low temperature anomaly observed on a polycrystalline electrons only (C 4f ), assuming identical phonon contribution to the heat capacity in two compounds. Entropy S 4f was calculated by the same process as described for CePd 2 Ge 2 .
A smooth extrapolation of C(T ) data below 1.9 K in PrPd 2 Ge 2 was done as shown by the solid line in Fig. 3 , to get an approximate value of the heat capacity at low temperatures for which the experimental data are not available. The error in the estimation of entropy due to extrapolation is at the most a few % of its true value. At T N , S 4f is comparable to Rln2 corresponding to a doublet ground state with effective spin S = 1/2. Here R is the universal gas constant. From the C 4f values at higher temperatures, the CEF split levels have been derived, which is the subject of next section.
VI. CRYSTAL ELECTRIC FIELD ANALYSIS
A crystal electric field (CEF) analysis was performed on the magnetization and heat capacity data of PrPd 2 Ge 2 to derive possible information about the crystal electric field level Pr is a non Kramer's ion (integral spin S). In the tetragonal D 4h point symmetry, the CEF splits the 9 fold degenerate state of Pr 3+ ion into two doublets and 5 singlets 10 . The compounds which exhibit singlet ground state are non magnetic (for instance the recently discovered PrRhAl 4 Si 2 ) 1 . Since PrPd 2 Ge 2 orders at 5.1 K, the ground state is definitely doublet, as indicated strongly by the entropy (see above). Therefore, the excited states comprise of a ground state doublet and 5 singlets and another doublet at some higher energy.
After diagonalizing the (2J + 1) × (2J + 1) i.e. 9×9 dimensional matrices, the CEF parameters B m l , which fit the anisotropic susceptibility, isothermal magnetization (Fig. 4c ) and Schottky heat capacity of PrPd 2 Ge 2 , are listed in Table II and the computed curves are shown in Fig. 4 along with the experimental data. It may be noted that the heat capacity of both PrPd 2 Ge 2 and LaPd 2 Ge 2 was measured up to 80 K for this purpose. The ground state at zero magnetic field is an admixture of | −1 and | +3 pure states. There is a good degree of agreement between theory and observation, which gives credence to the correctness of the CEF parameters and energy levels derived from our analysis. However, advanced techniques like inelastic neutron scattering are required to confirm CEF splittings.
The main panel of Fig. 4(d) shows the calculated magnetization for applied field up to to metamagnetism (cf. Fig. 4(d) ). and the first excited CEF levels at that field (see Fig. 5 ) due to the dominance of Zeeman splitting over CEF splitting. When the magnetization is calculated for a temperature of 10 mK (inset of Fig. 4(d) ), the metamagnetic transition due to level crossings is nearly vertical as one would expect it to be in the ground state, free of effects due to thermal fluctuations at higher temperature. It would be interesting to measure the magnetization at higher fields to confirm the results of our CEF based calculations.
VII. CONCLUSION
The anisotropic magnetic properties of PrPd 2 Ge 2 have been investigated by growing a single crystal, in a tetra-arc furnace. The phase purity and the crystal composition were confirmed by x-ray diffraction and EDAX. The transport and magnetic properties reveal large anisotropy along the two principal crystallographic directions viz., 
